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ABSTACT 
.1jIpIhc

The effects of acute and chronic ethanol tretstment on neuro- duced the influx f Na in the presence of batrachotoxin and
toxin-¢tmulatd Na. uptake and [3H]batrachotoxinin A20, diminished the inhibitory effect of ethanol in vitro on sodium
benzoate binding to neuronal sodium channels were studi-d in uptake for up to 20 days after withdrawal, but the specific binding
rat forebrain synaptosomes. Fluorescence measurements were of the neurotoxh in the presence or absence of ethanol was
used to assess the intrinsic order or fluidity and the sensitivity unchanged. Synaptic plasma membranes from chronic ethanol-
to ethanol of rat forebrain synaptic plasma membranes at various treated rats showed no change in intrinsic order but the disor-
intervals during and after chronic ethanol treatment. Acute dering effect of ethanol was significantly smaller for up to 20
ethanol administration had no significant effect on neurotoxin days after withdrawal. Results of this study demonstrate that
binding in the absence or presence of ethanol in vitro or on brain tissue from ethanol-treated rats can adapt rapidly to some
sodium uptake in the absence of ethanol in vitro, however, a effects of ethanol and that chronic ethanol administration can
single dose of ethanol produced a dose ir-d time-dependent reduce the effects of ethanol on physical and functional proper-
attenuation of the inhibitory effect of ethanol on sodium uptake, ties of neurons for a prolonged period of time.
suggestive of acute tolerance. Chronic ethanol treatment re-

Ethanol-induced changes in the physical properties of bio- to the disordering effect of ethanol iot vitro (Chin and Goldstein,
logical membranes are thought to be involved in the diverse 1977; Harris et a!., 1984). The mechanisms involved in the
pharmacological actions of ethanol (Goldstein, 1984; Harris observed tolerance to the disordering effect of ethanol in vitro
and Hitremann, 1981). Changes in the physical properties of are not yet known but adaptive changes in the lipid composition
neuronal membranes may induce alterations in the functional of neuronal membranes have been examined for possible in-
properties of nervous tissues (e.g. enzymatic activity, ion trans- volvement. Membrane cholesterol content has been reported
port and neurotransmitter regulation) resulting in impaired to be increased (Chin et a/., 1978; Smith and Gerhart, 1982),
signal transduction and information processing and. ultimately, decreased (Harris et al., 1984) or unchanged (Johnson et al.,
the behavioral manifestations of intoxication. At the present 1979; Lyon and Goldstein, 1983) after chronic ethanol treat-
time, it is thought that ethanol and related membrane pertur- ment. However, the reported change in cholesterol content is
bants modulate the fluidity of nerve membranes by disordering rather small in magnitude. Likewise, chronic ethanol treatment
the lipid portions of brain membranes (Chin and Goldstein, has been reported to produce only slight changes in the acyl
1977a; Harris and Schroeder, 1981, 1982; Crews et al., 1983). composition of synaptosomal phospholipids tin and Sun,

Chronic exposure to ethanol has been shown to produce 1979 Ailing et aL, 1982; Crews et al., 1983; Harris et al., 1984).
tolerance and physical dependence (Majchrowicz and Hunt, Re9, in so th, he e arri e t ent
1976; Ritzmann and Tabakoff, 1976). Furthermore, neurunal ently, it w shown that the membrane gnglioside content
membranes derived from ethanol-tolerant animals are resistant and acyl composition of gangliosides were unchanged in

ethanol-tolernt mire (Harris et al., 1984). Thus, it appears
Received for publication Oc r 2, 19M. that chronic ethanol treatment consistently alters membrane
I Research was conducted according to the principles enunciated in the"Guide physical properties in the absence of any marked changes in

for the Care and Use of Laboratory Animals" prepared by the Institute of lipid composition.
Laboratory Animal Resources, Notional Research Council.

'Present oddross University of Maryland, School of Pharmacy, Department The results of a number of recent studies suggested that some
of Pharmacology and Toxicology, Baltimore, MD 21201. of the properties of voltage-sensitive sodium channels of brain

AUUREVIATIONS: BTX-8, batrachotoxin A 20-a-bezoate; BTX, batrachotoxin; HEPES 4-2-hyoxyethyl)-lpeazneethaesufonic acid; DPH,
1,640lenyl-1 3,5-hexatonne; TMA-OP4H, 1-(4-..-rlhnvronlumphny6-pn 1,3,5-mIsre.
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synaptosomes are sensitive to the physical properties of mem- data are presented as corrected specific uptake after subtraction of
branes. In a group of chemically diverse membrane perturbants, nonspecific uptake (tetrodotoxin, 1 uM present in btffers). I
the magnitude of the inhibition of neurotoxin-stimulated so- Measurement of [3HIBTX-B binding. The binding of [H]BTX-

dium influx was proportional to the degree of lipid disordering B was measured by a modification of the method of Catterall et al.

in the membrane core (Harris and Bruno, 198.5a,b). Further- (1981) as described in detail in the accompanying manuscript (Mullin
and Hunt, 1987).more, for a series of aliphatic alcohols, there was an excellent Fluorescence measurements. A HH-1 T-format polarization

correlation between the potency for inhibition of neurotoxin- spectrofluorimeter (BHL Associates, Burlingame, CA) with fixed ex-
stimulated sodium influx and the membrane/buffer partition citation and emission polarization filters was used to measure fluoreq-
coefficient, suggesting that a hydrophobic site in the membrane cence intensity parallel and perpendicular to the polarization phase of
was involved in the action of the alcohols (Mullin and Hunt, the exciting light (Harris and Schroeder, 1982). Polarization of fluores-
1984, 1985). In the present study we sought to determine cence and intensity of fluorescence were calculated by an on-lire
whether acute or chronic ethanol treatment altered some of the microprocessor. Similar instrumentation is presented in more detail by

properties of voltage-sensitive sodium channels in rat brain Johnson et al. (1979). The fluorescent probes DPH and TMA-DPH
synaptosomes. We also monitored the physical properties of were used. The excitation wavelength was 362 nm, a 03FCGOO1 filter
brain membranes at various intervals during and after chronic (Melles Griot, Irvine, CA) was used in the excitation beam and KV 389ranol metmant filters (Schott Optical, Duryea, PA) were used for emission. Cuvette

temperature was maintained by a circulating water bath and monitored
continuously by a thermocouple inserted into the cuvette to a level just

Methods above the light beam.
Synaptic plasma membranes (SPM-2) were used for all fluorescence

Animals and chemicals. Male Sprague-Dawley rats (200-300 g) measurement-. The cerebellum and brainstem were removed from the
were obtained from Charles River Breeding Laboratories, Inc. (Wil- brain and SPM-2 were prepared by Ficoll and sucrose density centrif-
mington, MA) and were housed two per cage with free access to water ugation (Fontaine et al., 1980; Harris and Schroeder, 1982). Membranes
and standard laboratory chow. Chemicals and suppliers were as follows: were resuspended in phosphate-buffered saline containing (mil'imolar):
scorpion (Leiurus quinquestriatus, venom. tetrodotoxin and veratridine NaCI, 136; KCI, 2.7; KH2 PO, 1.5; Na 2 HPO. 7H20, 4.3 HEPES, 2.0;
from Sigma Chemical Co. (St. Louis, MO); [benzoyl-2,5.HIBTX-B (51 pH 7.4, at a concentration of I to 3 rag of protein per ml and were
Ci/mmol) and carrier-free 'NaCl were from New England Nuclear frozen and kept at -80"C before analysis. SPM-2 were diluted to 0.05
(Boston, MA) Fluorescent probes were obtained from Molecular mg of protein per ml and fluorescent probes were incorporated at 35°C
Probes, Inc. (Junction City, OR). BTX was kindly supplied by Dr. for 15 rain with frequent vortexing. DPH was dissolved in tetrahydro-
John Daly (National Institute of Arthritiv, Diabetes, and Digestive and furan and TMA-DPH was dissolved in tetrahydrofuran-water (1:1).
Kidney Diseases, National !nstitutes of Health. Bethesda, MD). All The probes were added in a volume of 0.3 to 0.5 UI/mI to give a probe
other chemicals were obtained from commercial sources and were of concentration of 40 to 80 ng/ml. After incorporation of probe, samples
analytical grade. were placed in the fluorimeter and maintained at 35'C. Control levels

Preparation of synaptosomes. For measurement of [HIBTX-B of fluorescence (base line) were determined and an aliquot of ethanol
binding and BTX-stimulated 'Na* influx a crude synaptosomal (P-) solution was added to the cuvette; fluorescence was determined 3 to 5
fraction was prepared by a modification of the method of Gray and min later. The samples were coded and the experimenter was not aware
Whittaker (1962). Immediately after decapitation the whole brain was of the source of the membranes.
removed, the cerebellum and brainstem were discarded and the tissue Chronic ethanol treatment. Male Sprague-Dawley rats (200-300
was homogenized in 0.32 M sucrose and 5 mM K2HP0 4, pH 7.4 (10 g) were rendered ethanol-dependent by the method of Majchrowicz
ml/g wet weight), with 10 strokes of a motor driven Teflon-glass (1975), which entailed administering multiple doses (6-10) over a 24-
homogenizer. The homogenate was then centrifuged at 1000 X g for 10 hr period totaling 9 to 11 g/kg. Ethanol was administered as a 20% (w/
min. The resulting supernatant was then centrifuged at 17,000 X g for v) solution intragastrically using a pediatric feeding tube. The animals
60 rain. The final pellet was resuspended in ice-cold buffer containing were dosed with ethanol for 4 days, after which they were allowed to
(millimolar): KCI, 5.4; MgSO., 0.8; glucose, 5.5; HEPES-Tris (pH 7.4), withdraw. Behavioral assessments were made hourly and the degree of
50; and choline chloride, 130. Ten strokes of a loose fitting glass-glass intoxication or withdrawal signs were rated as described previously
homogenizer were used to resuspend the final pellet. Synaptosomes (Majchrowicz, 1975; Majchrowicz et al., 1976).
were kept on ice and were used immediately after preparation. Other methods. Protein concentrations were determined by the

Measurement of 'Na* uptake. Neurotoxin-stimulated uptake of method of Lowry et al. (1951) using bovine serum albumin as the
'Na' was determined by a modification of the method of Tamkun and protein standard. Statistical analysis was performed using Student's t
Catterall 11981). Al'quots (50 4l) of the synaptosomal suspensicn were test for paired or unpaired samples. Multiple comparisons with a
preincubated at 36'C for 2 main with buffer only or buffer containing control were done by analysis of variance and Dunnett's test (Dunnett,
the indicated concentration of ethanol. Immediately after the prein- 1964). Concentration-effect curves for membranes from control and
cubation with ethanol the indicated concentration of BTX was added ethanol-treated animls were compared by an analysis of variance for
and the samples were incubated for 10 min at :16C. After 10 min, the repeated measures.
samples were diluted with a solution containing (final concentration,
millimolar): KCI, 5.4; MgSO4, 0.8; glucose, 5.5; HEPES-Tris (pH 7.4), Results
50; choline chloride, 128; NaCI, 2; ouabain. 5; 1.3 uCi of carrier-free
"NaCI per ml and the indicated concentration of ethanol and BTX Acute ethanol administration. The effect.; of acute ad-
(micromolar). After a 5 sec incubation, the uptake of aNa* was termi- ministration of ethanol on BTX-stimulated "'Na uptake and
nated by the addition of 3 ml of an ice-cold wash solution containing the resulting blood ethanol concentrations are shown in figure
(millimolar): choline chloride, 163; MgSO 4, 0.8; CaC1 , 1.8; HEPES- 1. Ethanol was administered by intragastric intubation as a
Tris (pH 7.4). 5; and bovine serum albumin, I mg/ml. The mixture was
filtered rapidly under vacuum through a 0.45-Mum cellulose filter (Ami- 20, (w/v) solution and the animals were sacrificed 2 hr later.
con, Lexington, MA or Schleicher and Schuell, Keene, NH) and the At all aoses studied, there was no significant effect on the
filters were washed twice with 3 ml of wash solution. Filters were placed uptake of "Na* in the presence of BTX alone. However, at
in scintillation vials with 15 ml of scintillation cocktail and filter doses of 3, 4.5, and 6 g/kg there was a significant (P < .05)
radioactivity was determined by liquid scintillation spectrometry. The diminution in the inhibitory effect of ethanol in vitro. Blood

-----------------------------------.... - - * . p - ,,.... t -. r. '. *'. . P. r.
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10- A single dome (4.5 g/kg) of ethanol was administered and the
I- animals were sacrificed 6 hr later. This time point was chosen

cm.r_ 8 based on the results of the time course experiments (Fig. 2).
S -~--- The results shown in table 1 illustrate the lack of any effect of

- Q...-actite ethanol administration on the specific binding of ['H1
E ~ - - BTX-B in the absence or presence of ethanol in vitro. Similar

W M results were obtained in experiments in which a higher concen-
4400 tration (75 nM) of [3H]BTX-B was used (data not shown).

... Chronic ethanol administraticia. Rats treated with repeated
200a doses of ethanol according to the method of Majchrowicz (1975) become

S tolerant to, and physically dependent on, ethanol (Majchrowicz et ai.,
1o 1976; Kynch and Probsrta, 1981). Accordingly, animals received mul-

0 15 .0 4. 60 R tiple daily dooes of ethanol as described under "Methods" and were

Ethanol Dose Ig/kgl drawal and at 5, 10, 20 and 35 days after withdrawal. The resuilts from

F~.1. Doseresponse reletloinshipfoth ~ taueehidat, infu esemn aesonifiue3Terwsasgiict
istration on BTX-stimulated 22a pae tadwas adiitrdby TABLE 1
intragastnic intubain and Oanmlweesacrficed 2 hr later. Fore- Effect of sof ed adiministratlon on N'HITX.8 bindin
brain synaptosomnes were prprd 8n TX-stimuiated 22Na* uptake Rats received oew (4.5 g/kg) or saiine by intragastric intutjation and were
was measured at 5 sec: as dlesalbed under 'Methods' in the absence sare 6 Nr Lawe. Dupicate samples of forebrai synaptosomes were incubated
(0) or presence (0) of ethanol (400 mM) in vitro. T14 critratlin of with ['IIjBTX-8(1OnM) and scorion venorn (1 50 ginti) in the absence or presence
BTX was 1.5 MMil. Values are the means ± S.EM., n - 4-6 rats. Effect of etao in -ir.~ lo atdcnetain were 279:t 22 ryajd. Values are

of ethanol in vitro was significantly (P < .05) smalleir at doses of 3 g/kg thes means :t S.E.M.. it - 4-6. Values in parenthieses are the percentage of
and greatar. intatotion of bnding by ethanal in vitro.

a"u Ettwid [3tilTX-B Saud
10- aM m/go

Control 0 330.1±:t16.6
S8- Control 400 208.8 ±t 10.7- (36.7%)

5 - ~Acute eeid 0 336.6 ::16.1
E 6Acu ~te ethanol 400 217.6 ::9. 1(35.4%)

2 SlWaCy(P<.1)lfsentcnspwedtotn*inithe abence 0tethenil
4 .400 6'0

C. TREATMENT INTERVAL S. E. C.

E20001 m/I
CO A. 2 days Induction_____ 241 t 27

a . Depericdentinoxcaed......289 t 19
-C P. C. Oependentrwthdrawin......14 t 6

0 1 2 3 4 5 6 7 1718 24 9: 0. 5 dasPon-withidrawal

Time (hoursi E. 10 days Post-withdrawal
FW 2 Tie curse0, ffWF. 20 asys Pon-'withdrawalF~ .Tiecore fe aet o acute ethano adiministration on BTX- G. 35 day Potwtdaa

stimulated nNa* uptake. Ethanol (4.5 gj'kg) was aciruatered by intra-
gm~tra mtubatlon and annmals were sacrificed at the Indicated time.
Forebrain syrtaptosonaes were prepared and BTX-stimulated 22Na* up- *Controlia Chronica ETON Treated
take was measured at 5 seic as described undler 'Methods' in t 8 8............
absence (0) or presence (0) of ethanol (400 mM) in vitro. The concentra- S
tian of BTX was 1.5 MiM. Values are the mearils ± S.EM., n - 4-6 rats. M a _BXOl
*P < .05; *P < .01 compared to corresponding value at tim zero. +B Ol

ethanol concentrations associated with the effective dloses of a a .- 4-N4 t
ethanol range from 47 to 75 mM. Thus, it appeared as though 8 TBT4oTI
the administration of a single dose of ethanol resulted in -S2 BTX EO -ETOH

tolerance to the inhibitory effect of ethanol in vitro on BTX- t.
stimulated 'Na* uptake. To further characterize this effect, X . . . . . ._________

animals were administered asingle dome (4.5 g/kg) of ethanol A 8 C 0 E F ~SA 8 C 0 E F G
and werp r-!rificed at various intervals after the dose. As shown Trestmilent Interval Treatmentm Interval
in figure 2, as quickly as 1 hr after the dose there was a& g Effect of chronic ethanol adesirlatration an BTX-stlmulAted 22Na-
significant (P <.05) reduction in the inhibitory effect of ethanol uptake. Multiple daly doses of ethanol were admriniste-ed using the
in vitro. Six hours after the dose, when the blood ethanol method of Maidirwwlcz (1975) and animnals were sacifle sd at the in&i
concentration was 50.5 ±t 8.3 mM, ethanol added in vitro had cated interval. Forebrain synaposornes were prepared ! d BTX-stimuj-

lated 22Na' uptake was measured at 5 sec as described uni.~er Methods"no effect on BTX-stimulated nNa* uptake. Twenty-four hours in the absence (open symbols) or presence (filled symbols) of etanol
after the dos of ethanol, the inhibitory effect of ethanol in (400 MM) in v~tw. The concentration of 8Th was 1.5 gsm. Values wre the
vitro was similar in the control and treated groups. means ± S.E.M.. nl - 6-8 rats. In the chronic ethanol group, the effect

In order to determine whether the observed reduction in the of 8TX only was signifcty (P < .05 or less) smaller than corresponding
inhibitory effect of ethanol on BTX-atimulated Na* uptake control vsa at A, 8, C and 0. Also, in the chronic eithanol group, uptakeinthe presenice of BTX and ETCH was significantly (P < .05) greater
was due to alterations in the binding of the neurotoxin, exper- then the corresponding Contro values at E and F. B.E.C., blood ethanol
iments were performed to measure the binding of ['HIBTX-B. conceration.
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(P <.06) decrease in the uptake of 'Na in the presence of BTX alone Controls Chronic Ethanol
in the ethanol-tre,.Led group after completion of 2 days of treatment, 400 I -- 1 _ ----- 7
on the day of withdrawal and at 5 days after withdrawal (fig. 3, A, B, , j
C and D). At the same time points, the additi3n of ethanol in vitro I -
resulted in a significantly smaller degree of inhibition of BTX-stimu- 300 1
lated nNa+ uptake. In the control group, the degree of inhibition by 0 I

ethanol in vitro ranged from 36.6 ± 2.6% (fig. 3A) to 48.5 ± 4.6% (fig. c O
3C) whereas in the ethanol-treated group the degree of inhibition 5? 200 -
ranged from 11.2 ± 3.3% (fig. 3A) to 28.8 ± 2.0% (fig. 3B). The . 2 1
inhibitory effect of ethanol in vitro was significantly smaller in the - -

ethanol-treated group for as long as 20 days after withdawal (fig. 4). E 100
At 35 days after withdrawal the effect of ethanol in vitro was equivalent 100
in both groups. It is of interst to note that the inhibitory effect of 4
pentobarbital (450 uM) in vitro was also significantly smaller in the I_ _ _ _

ethanol-treated group on the day of withdrawal and at 5 and 10 days 0 A B C D E A 8 C 0 E
after withdrawal (data not shown). Similar to the effect of a single dose A BED E A BCO E
of ethanol, chronic ethanol treatment resulted in tolerance to the Treatment Interval
inhibitory effect of ethanol in vitro and this tolerance was e, ident long 5. Effet of cronc etano administration on the specific bindinq of
after ethanol had been cleared from the body- In addition, chronic j3H-BTX-B. Mulile daily doses of ethanol were administered using the
ethanol treatment also reduced the response to BTX in the absence of method of Majchrowicz (1975) and aniwrn.Is were sacrificed at the indi-
ethanc in vitro. This effect could be due to a reduced number of cared interval (treatment interval as in fig. 8). Duplicate samples of
binding sites for BTX. forebrain synaptosones were incubated with [3H]BTX-B (10 nM) and

The binding of [ HIBTX-B in control and ethanol-treated groups is scorpion venom (150 g/ml) in the absence ',open symbols) or pres nce
shown in figure 5. There was no significant diffeience in the binding (filled symbols) of ethanol (400 mM) in vitro. Samples were incubated at
of [-'HIBTX-B in the absence or presence of ethanol in vitro at any of 360 for 30 min. Values are the means t S.E.M., n = 6 per group.
the treatment intervals. Similar results were obtained when a saturat-
ing concentration of ['H]BTX-B (80 nM) was used (data not shown). Day of Wflthdrawal
It appears that the altErations in BTX- stimulated nNa+ uptake in the 0.005 i
chronic ethanol-treated group were not due to an effect on the binding
of the neurotoxin to its receptor site in the channel.

Chronic ethanol administration and membrane lipid order. 0
The effects of chronic ethanoi administration on the order or fluidity 0
of rat brain synaptic membranes (SPM 2) were determined by mess- -0.005 '

urements of the fluorescence polarization of the fluorescent probes
TMA-DPH and DPH. DPH is a probe of the lower, methyl terminal .

portion of the lipid acyl groups (Sklr et al., 1977; van Blitterswijk et -0.010 -
aL, 1981) whereas TMA-DPH is a probe of the more rigid glycerol 0.-

backbone regions and the carboxyl portions of the acy! groups of the S
membrane (Prendergast et al., 1981; Harris et at., 1984). The bae-line -0.015

fluorescence polarization of TMA-DPH and DPH was essentially iden- V
tical for membranes from control and ethanol-treated rats at all times U -0.020
during and after the chronic ethanol treatment period (data no it shnwn).
However, chronic ethanol administration did alter the sensitivity of
synaptic membranes to the disordering effects of ethanol in vitro. The -0.025 I 2 3 4 50 100 200 300 400 500 600

rETOH3, mM
t 50 - Cnro Flg 6. Effects of ethanol In vitro on the fluorescence polarization of DPH.

Rat forebrain synaptic plasma membrane-2 were prepared from control
'/I TREATMENT INTERVAL B. E. C. (l and chronic ettano-treated (U) animals on the day of withdrawNl,- 40 amp/dl p roximately 6 hr after the last dose of ethanol. After DPH was

iA. 2 days Induton 241 t27 incorpnrated, the sasn'res were placed in the fluorimetr and maintained
> 30- * / B. Dependent ntoxicated -289 ±9 at 35

0
C. 6as% line levels of fluorescence were determined and an aliquot

, , C. Dependent wthdrawrn ng 14 t 6 of ethano solution was added. Fluorescence was then determined as
_ 0 D :,'t"a1 5 days Post withdrawal described under "Methods." Values are the means ± S.E.M. for six

20 i E. 10 days Post wthdrwal membranel praatIons per group. An analysis of vanarce for repeated
'- Chronic F. 20 days Post-withdrawal measures indicated that the curves are significatly different (F - 11.30,

Ethanol G. 35 days Pot-withdrawal dF - 1,10; P <.010).
ai 10 Treated

P < 0 . 0 P *<0.0of effects of ethanol in vitro on the fluorescence polarization of DPH on

A 9 C 0 E F G the day of withdrawal and 5 days after withdrawal are shown in figuresTreatment Interval 6 and 7, respe-tively. Th,, effect of ethanol in vitro on the polarization
of TMA-DPH was not studied as previous studies have demonstrated

FIg 4. Chronic ethanol administration and perentage of i of that TMA-DPH is less sensitive than DPH to the effects of ethanol in
BTX-stimulated 22Na* uptake by ethanol (400 mM) in vitro. Multiple daily vitro and in vivo (Harris et al., 1984).
doses of ethanol (S) or an equivalent volune of vehicle (0) were admin-
istered using the method of Malchrowicz (1975) and animals were Chronic ethanol administration shifted the concentration-effect
sacrificed at the indicated intervals. Forebrain synaptosomes were pro. curve to the right, resulting in a membrane tolerance on the order of
pared and BTX-stlmulated "Na* uptake was measured at 5 sec as 1.5- to 2-fold. Tolerance was evident after completion of 2 days of
described under 'Methods' in the presence of BTX (1.5 uM) and ethanol treatment and was still present at 20 days after withdrawal. The
(400 mm). Values are the means ± S.E.M., n = 6-8 rats per group. concentration of ethanol required to decrease the polarization of DPH
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Fh D " Ayfte Whihtid wal 250 , , ,
0.005 , , 1 , ,

o200
a U.1 Triatmenit Interval

o -0.005 2 150 A. 2 d.s of indution
E a. Day of wthdrasal

C, 5 days atter withdrawal

S -0.010 0,( 0. 10 days after withdrawal
o0I 10 E. 20 days after withdrawal

.9 0 F. 35 days after withdrawal

Q -0.015 a.

C U
M W~ 50

u -0.020

-0.025 1 0 1 1

0 100 200 300 400 500 600 A BC D E F
Treatment Interval

EFTOH3, mM

Fig. 7. Fffects of ethanol in vitro on the fluorescence polanzation of OPH Fig. 3. Time course of altered membrane disordering by ethanol in vitro
5 days after withdrawal. Rat foretrain synaptic plas;-na membrane-2 dunng and after chronic ethanol treatment. The concentration of ethanol
were prepared from control (C) and chronic ethanol-treated (I) animals required to decrease the florescence polarization of OPH by 0.005 U
5 days after withdrawal. After OPH was incorporated, the samples were (ECA P .005) was determined by lineav regression analysis of the
placed in the fluorimeter and maintained at 35 0C. Base-line levels of individual concentration-effect curves at the indicated intervals during
fluorescence were determined and an abiquot of ethanol solution was and after chrdic ethanol treatment. Four concentrations of ethanol were
added. Fuorescence was then determi,.d as descrt.e under -Meth- used. Rat forebrain synaptic plasma membranes-2 from control (I-) and
ods." Values are the means ± S.E.M. for six different membrane prepa- chronic ethanol-treated (1 animals were prepared and fluorescence
rations p-, group. An analysis of variance for repeated r'.asues indi- polarization measured as described under 'Methods." Values represent
cated that the cuves are significantl different (F - 8.94, dF - 1,10; P the means ± S.E.M. from five to six different membrane preparations
< .025). per group. Expoeimntai group values are significantly different (P < .05

r less) compared to correspondting control at all intervals except F.

by 0.005 U (EC A P 0.005) was determined by linear regression analysis
and the values obtained at each interval are shown in figure 8. The on sodium uptake was significantly attenuated for up to 20
degree of tolerance to the membrane disordering effect of ethanol was days after withdrawal.
estimated from the ratio of EC A P 0.005 ethanoi-treated:EC A P 0.005 The fturdity dro
centroL It was interesting to note that ratio of EC A P 0.005 values on The fluidity or order of brana membranes ,rom the chronic
the day of withdrawal (1.62) was remarkably similar to the values at ethanol gro-up was assessed by the fluorescence polarization of

10 (1.48) and 20 (1.47) days after withdrawal. Thus, the tolerance the probes DPH and TMA-DPH. There was no change in the

produiced by the chronic ethanol treatmer.t was relatively stable and fluorescence polarization of either probe at anytime during or
persisted for several weeks after the cessation of ethanol treatment, after chronic ethanol treatment, indicating that the basal or

intrinsic fluidity of brain membranes was unchanged. Intrinsic

Discussion membrane fluidity has been reported to be decreased (Rotten-
berg et al., 1981; Lyon and Goldstein, 1983; Harris el al., 1984)

The results of the present study lemonstrate that both acute or unchanged (Chin and Goldstein, 1977b; Beauge et al., 1984)
and chronic ethanol treatment alter the inhibitory effect of after chronic ethanol treatment. Brain membranes derived
ethanol in vitro on neurotozin-stimulated "Na* uptake. The from the chronic ethanol group were resistant to the disordering
effects of a single dose of ethanol were dependent on the dose effect of ethanol in vitro for up to 20 days after withdrawal, as
administered and the time elapsed after the doe. Acute ethanol measured by the change in the fluorescence polarization of
administration did not alter the action of BTX on the sodium DPH. Thus, adaptation to the effects of ethanol in vitro on
channel in the absence of ethanol in vitro or the binding of sodium uptake and membrane fluidity followed a similar time
[3H]BTX-B, but it appeared that tolerance to the inhibitory course after chronic ethanol treatment.
effect of ethanol in vitro on BTX-stimulatet sodium uptake The mechanisms responsible for the attenuated effects of
was present. The reduced effectiveness of ethanol in vitro after ethanol in vitro reported here are not known. Acute in vivo
a single dose of ethanol may be analogous to the finding of administration of ethanol resulted in a marked attenuation of
acute tolerance in whole animal studies (for review, see Cicero, the inhibitory effect of ethanol on sodium uptake but does not
1980). appear to alter ethanol-induced disordering of reconstituted

Chronic ethanol administratioa. pruduced somewhat different (Johnson et al., 1979) or intact synaptic membranes (R. A.
results than the single dose studies. There was a significant Harris, unpublished observation), Although it is merely specu-

redui;Uon in BTX-stimulated sodium uptake in the absence of lation, these findings could be interpreted as an uncoupling of
ethanol in vitro after 2 days of induction, on the day of with- the effects of ethanol on the physical and functional properties
drawal and at 5 days after withdrawal. Results of binding of neurons. An analogous situation was reported recently by
studies with ['H]BTX-B in the chronic ethanol group suggest Mitchell et aL, (1985) who demonstrated that brain membranes
that the diminished response to BTX was probably not due to prepared from barbiturate tolerant-dependent mice were re-
changes in the binding of BTX to its receptor site in the sistant to the inhibitory effect of ethanol and pentobarbital on
channel. Furthermore, the inhibitory effect of ethanol in vitro sodium uptake but that the disordering effects of the drugs
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were unchanged. In the present study 18 to 24 hr Pfter a single properties, of sodium channels might be involved in some of the
dose of ethanol the response to ethanol in vitro was restored to actions of ethanol: 1) ethanol inhibits sodium influx at concen-
control levels suggesting that the adaptive response was tran- trations ach:9ved in vivo, an effect that is fully reversible
sient. This uncoupling effect may be an initial but short lived (Mullin and Hunt, 1984, 1985); 2) there is an excellent corre-
component of membrane tolerance. Alternatively, it is possible lation between membrane disordering and inhibition of sodium A
that a single dose of ethanol alters the physical properties of influx (Harris and Bruno, 1985a); 3) inhibition of sodium influx
rather specific membrane lipids that are functionally important by ethanol is reduced in tissue from ethanol-treated rats (this
but are undetected by existing methods used to assess the study); and 4) tolerance to inhibition of sodium influx and
properlies of bulk lipids in neuronal membranes (Taraschi and membrane disordering by ethanol share a common time course
Rubin, 1985). A lipid species of this type might be present in after chronic ethanol treatment (this study). however, further
relatively small quantiti2s or be required in a given state of research is necessary to define in detail the involvement of
order at a critical area of the membrane in order to provide neuronal ion channels in the actions of ethanol.
optimal conditions for efficient activity of membrane proteins.
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